The skull morphology of black bears inhabiting 2 distributional ranges isolated by 2 river basins in northern Japan was compared in order to examine whether the animals represent different populations. We found substantial differences in relative width of the skull and measurements related to the masticatory apparatus, especially in the length of the molar row and palatal width; the former already differs at 1 year of age when the eruption of permanent teeth occurs, suggesting a genetic basis for the difference. Jackknifed classification was able to correctly assign all adult specimens except 1. The results indicate that bears from these 2 areas belong to different populations that might have been isolated for a considerable period, and gene flow between them is limited, even though the distance between the 2 ranges is only several kilometers at the narrowest point. The Japanese black bear might live in small, isolated local populations.
The Japanese Asiatic black bear, Ursus thibetanus japonicus, is widely distributed in Japan's 3 main islands excepting Hokkaido, but its population decrease has been a matter of great concern (Hazumi 1999; Horino and Miura 2000) . The bear is threatened by commercial hunting, mainly for gallbladder, which is used for traditional medicine, and by nuisance kills to prevent harmful interactions with humans and damage to crops. A total of 1,200-2,000 bears, estimated to represent about 10% of the total population, are killed annually in Japan. Fragmentation of local populations and habitat loss by deforestation with development and planting of unfavorable coniferous trees in plantations have also been a great concern (Hazumi 1999) .
For the conservation and management of black bears in Japan, it is necessary to understand their population structure. However, few studies have assessed the population structure directly by morphological or genetic markers. Tohoku Research Center of the Forestry and Forest Product Research Institute has collected bear skull specimens from hunting and nuisance kills for 15 years in cooperation with the Iwate Prefectural Government. This collection provided us a good opportunity to investigate morphological differentiation of bears in Iwate Prefecture.
In Iwate Prefecture, the black bear distribution is divided by plains along the Kitakami and Mabechi Rivers ( Fig. 1 ; Iwate Prefecture 1991). Eastern and western ranges correspond to the Ohu Mountains and Kitakami Highlands, respectively. The forest is continuous in the watershed area between the Kitakami and Mabechi Rivers, but the distribution of bears is not. On the basis of this distributional pattern, bears in the Ohu Mountains and Kitakami Highlands are considered to belong to different populations or management units (Hazumi 1992) . However, the gap between the 2 habitats is only several kilometers at the narrowest point. Moreover, bears are occasionally observed in suburban areas in the Kitakami River basin. Thus, it is commonly believed that bears migrate between the Kitakami and Ohu areas, although there is no firm evidence for this.
We examined morphological differentiation in skulls of black bears from the Kitakami Highlands and Ohu Mountains to assess whether bears of these 2 areas belong to different populations.
MATERIALS AND METHODS
Skulls of black bears taken by commercial hunting and nuisance kills were collected and prepared by staff of the Tohoku Research Center of the Forestry and Forest Product Research Institute. Specimens had been taken in the Ohu Mountains and the Kitakami Highlands (Fig. 1) . Thirty-five measurements were taken to the nearest 0.1 mm on 177 (123 male and 54 female) skulls (Appendix I) with vernier calipers and an anthropometer. The age of each specimen was determined from the cemental growth layers in the root of the 4th lower premolar (Willey 1974) .
Statistical analyses were performed for each sex separately because of considerable sexual dimorphism in this species. Skull measurements were compared between bears from the Kitakami Highlands and the Ohu Mountains by analysis of covariance (ANCOVA), with the basal skull length as a covariate. Jackknife discriminant function analysis after stepwise character selection was carried out to evaluate multivariate differences. For the multivariate analyses, we used 26 characters (listed in Appendix I) to increase sample size. Specimens older than 5 years for males and 4 years for females were included in discriminant analysis in order to eliminate ontogenetic variation. All statistical analyses were carried out with SAS software (SAS Institute Inc. 1989) .
RESULTS
Analyses of covariance revealed many significant differences in both sexes (23 each out of 35 measurements). Kitakami specimens tended to have relatively larger cranial width measurements and Ohu specimens to have a longer snout and molar row ( Fig. 2 ; Table 1 ). Differences were also seen in the width of palate and length and width of the jugal (Table 1) .
Most of the measurements ceased to increase at around 5 years of age in males and 4 years in females, and intersample differences are obvious after these ages. However, the length of the molar row reached adult size at 1 year, when the permanent teeth had erupted completely, and the difference between populations is already obvious at this age (Fig. 3 ).
Fifteen and 6 measurements were chosen by stepwise character selection (P , 0.15 for entry of characters and to stay) for males and females, respectively. Kitakami and Ohu samples were distinguished by canonical discriminant scores, which ranged from À6.0 to À2.8 for Kitakami males versus 0.9 to 5.7 for Ohu males and from À4.9 to À1.7 for Kitakami females versus 3.4 to 6.2 for Ohu females. Jackknife discriminant function analyses classified all specimens correctly, except for a single male from Ohu.
DISCUSSION
Two black bear populations inhabiting adjacent mountainous areas in Iwate Prefecture were found to have attained remarkable morphological differentiation. The differences are so clear that one can tell with high probability from which population a certain specimen came merely by observation (Fig. 2) . Although only 1 Ohu specimen was not correctly assigned by the jackknifed classification, its classification probability value is low and has characteristics of the Ohu bears, such as a long and narrow snout.
Molar row length increases little after the eruption of permanent molars at the age of 1 year, and the difference between samples is obvious by this age (Fig. 3) . This strongly suggests that the difference in molar row is not due to different environments; rather, it likely has a genetic basis. We consider that the 2 populations of black bears have been isolated for a relatively long time to have achieved such considerable morphological differentiation. Furthermore, the lack of specimens in which morphological characteristics are inconsistent with locality suggests that gene flow between the 2 groups is limited or absent. Therefore, both the Ohu and Kitakami bears should be treated as different populations or management units.
We find it interesting that such a large differentiation has occurred between adjacent populations separated by a distance of only 5-30 km. How this isolation was established and has been maintained is difficult to answer. The average home range of the Japanese black bear has been reported to be 70 km 2 (60-110 km 2 ) for males and 40 km 2 (30-50 km 2 ) for females, and some bears tend to change their home range frequently; for example, 1 bear explored about 180 km 2 during a 3-year period (Hazumi 1996) . Thus, distance alone might not suppress the gene flow and cause isolation.
At present, the Kitakami River basin is highly populated, with several large cities along the river. The isolation of bear populations might have been caused by the human settlement in and development of the Kitakami River basin. Although 10,000-30,000-year-old remnants indicating sporadic human settlements were reported in this area, large development with cultivation began only 1,000-2,000 years ago (T. Kumagai and M. Sakai, pers. comm.). We consider that the morphological differentiation between the 2 populations is too large to be attained in such a short period. Moreover, the bears do not freely cross the watershed areas of the 2 rivers, which are much less populated and developed. Although the manmade barriers, including cultivation, roadways, and forest plantations, must currently hinder the migration of bears, they might not have been the original cause of isolation. Saito et al. (2001) reported genetic differentiation between black bears east and west of the Yura River in the Kinki district, western Japan, and suggested that the large river plain would be an effective barrier to gene flow. Similarly, we think that Kitakami and Mabechi river plains in Iwate Prefecture obstruct the migration of bears. However, it is still unknown why the bears have not migrated through the watershed area of these 2 rivers. One possibility is that a large-scale geological event brought about a biogeographical barrier that remained for a considerable period (e.g., the destruction of forest in the northern part of Iwate Prefecture by the eruption of the Towada Volcano about 10,000 years ago-Hayakawa 1985). Information on the zoogeography of other organisms, geology of the area, and genetic data are required for further discussion of the cause and process of isolation.
Discrete differences in the portion of the skull related to mastication, such as tooth row length, palate width, and jugal length, between Kitakami and Ohu specimens could imply different feeding habits. Although information on the diet of bears in this area is limited, we do not consider basic feeding habits to differ much because the original vegetation is similar, and deciduous broad-leaved trees, mainly Japanese beech (Fagus crenata) forests, prevail. Topographical and climatic differences between the 2 areas seem to be significant. The Ohu Mountains are steeper and the winter is severer, with much more snowfall. Land use is more intensive in the Kitakami Highlands, and the original vegetation has been altered greatly. These differences might have promoted morphological differentiation. We need to collect more data on the ecology of these 2 bear populations and on the present and the past vegetation of the 2 habitats to determine the factors that caused the morphological differentiation.
Distinct differentiation between the 2 populations suggests that a different subspecific status is warranted. Although the Japanese black bear is classified as a distinct subspecies relative to its continental conspecifics, its status has not been evaluated in sufficient detail. We think the overall geographic variation of black bears within Japan and between Japan and the continent should be assessed on the basis of both morphological and genetic markers in order to reconsider the subspecies-level taxonomy of Japanese black bears.
This study and that of Saito et al. (2001) suggest the possible existence of several isolated and locally adapted small populations in Japan. This unexpected local differentiation of Japanese black bears requires special attention in terms of management measures. The establishment of corridors or the transplantation of specimens, if carried out without knowledge of population structure, would be ineffective and could even cause undesirable genetic disturbances. Studies of the population structure of the Japanese black bear throughout its range are required.
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